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CHAPTER I
INTRODUCTION
F e r s te r  and S k inner (1957) used th e  term  d i f f e r e n t i a l  re in fo rce m e n t 
o f  low r a t e s  (DRL) to  d e s ig n a te  a sch ed u le  req u irem en t o f  a long  i n t e r ­
re sp o n se  tim e (IR T ), which i s  th e  tim e i n t e r v a l  betw een su c c e ss iv e  r e ­
sp o n ses . S k inner (1938) has shown th a t  by r e in f o r c in g  a  s in g le  r e l a t i v e l y  
long IRT on a f ix e d  i n t e r v a l  sch ed u le  o f  re in fo rc e m e n t, th e  e f f e c t  o f r e ­
in fo rcem en t i s  to  d e c re a se  th e  r a t e  o f re sp o n se . W ilson and K e lle r  (1953) 
m an ipu la ted  th e  le n g th  o f  a  re in fo rc e d  IRT and found i t  to  be in v e r s e ly  
r e l a t e d  to  th e  r a t e  o f re sp o n d in g . That i s  to  s a y , a s  th e  le n g th  o f th e  
r e in fo rc e d  IRT in c r e a s e s , th e  r a t e  o f resp o n d in g  d e c re a se s .
The DRL sch ed u le  i s  commonly programmed in  th e  fo llo w in g  manner.
A ll  IRTs m ust be o f  a minimum s p e c if ie d  d u ra tio n  in  o rd e r to  be r e in ­
fo rc e d . IRTs th a t  f a l l  s h o r t  o f t h i s  minimum tim e d u ra t io n  r e s e t  th e  
tim in g  c o n tin g e n c ie s . Thus a l l  IRTs g r e a te r  th an  o r eq u a l to  ^ t-seconds 
y ie ld  re in fo rce m e n t and lik e w is e  a l l  IRTs l e s s  than  t-s e c o n d s  y ie ld  non­
re in fo rc e m e n t. Kramer and R i l l in g  (1969) d e sc r ib e d  ;t as b e in g  no rm ally  
m easured from e i t h e r  th e  l a s t  re sp o n se , th e  l a s t  re in fo rc e m e n t, o r th e  
s t a r t  o f th e  s e s s io n ,  w hichever had o ccu rred  most r e c e n t ly .  The frequency  
o f  re in fo rc e m e n t i s  th u s  a  fu n c tio n  o f th e  number o f tim es th e  organism
em its  IRTs o f jt seconds o r g r e a te r  over th e  t o t a l  s e s s io n  tim e . I f  an
1
organism  f a i l s  to  em it any IRTs g r e a te r  th an  t_, h i s  freq u en cy  o f r e in ­
forcem ent w i l l  be  z e ro .
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DRL beh av io r i s  cu s to m arily  reco rd ed  and analyzed  in  th e  fo llo w in g  
manner. The tim e in te r v a l s  betw een s u c c e ss iv e  re sp o n se s , IRTs, a re  
reco rd ed  in  c la s s  in te r v a l s  c a l le d  b in s .  For in s ta n c e  we may group a l l  
IRTs from 0-2  seconds in  th e  f i r s t  b in ,  2-4 seconds in  th e  second b in ,  
and so fo r th  u n t i l  th e re  a re  enough b in s  such th a t  each IRT must n eces­
s a r i l y  f a l l  in to  a b in .  A "dump" b in  i s  u s u a lly  employed fo r  IRTs th a t  
f a r  exceed th e  minimum s p e c if ie d  IRT fo r  re in fo rc e m e n t. A f i r s t  o rd e r 
p ro b a b i l i ty  d e n s i ty  d i s t r i b u t i o n ,  b e t t e r  known as an i n t e r v a l  h is to g ram  
may be d e riv ed  from th e  frequency  co u n ts  in  each IRT b in .  In  a d i s t r i ­
b u tio n  of t h i s  n a tu re  IRT b in s  a re  p lo t te d  on th e  a b c is s a  w ith  e i th e r  
frequency  o r p r o b a b i l i ty  as th e  o rd in a te .  T h is d i s t r i b u t i o n  may a ls o  
be r e f e r r e d  to  as an IRT freq u en cy  d i s t r i b u t i o n .
A c h a r a c t e r i s t i c  o f DRL resp o n d in g  i s  a la rg e  number o f s h o r t  IRTs 
l e s s  than  two seconds in  le n g th .  Sidman (1956) term ed th e se  s h o r t  IRTs, 
" b u rs t in g " .  T y p ic a lly  th e  r e l a t i v e  frequency  d i s t r i b u t io n  o f IRTs fo r  
an organism  s t a b i l i z e d  on a DRL sch ed u le  i s  bim odal w ith  th e  f i r s t  mode 
o c cu rrin g  in  th e  f i r s t  b in  (0 -2  Sec ) ,  and a  second mode o c c u rr in g  j u s t  
p r io r  to  th e  re in fo rc e d  IRT. Between th e s e  two modes, th e  r e l a t i v e  
frequency  i s  n ea r z e ro . A lim ite d -h o ld  con tin g en cy  (LH) may be imposed 
on th e  DRL sch e d u le . The l im ite d -h o ld  con tingency  imposes an upper l im i t  
on th e  IRTs which w i l l  be r e in fo r c e d .  Thus th e  re sp o n se  req u irem en t 
r e q u ire s  th e  organism  to  d e la y  respond ing  fo r  (_t) sec b u t n o t fo r  more 
th an  t+ t"  sec  from th e  p re v io u s  re sp o n se  to  o b ta in  re in fo rc e m e n t. L a t ie s ,
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W eiss, and Weiss (1969) have dem onstra ted  t h a t  th e  l im ite d -h o ld  c o n t in ­
gency seems to  in c re a s e  th e  p r o b a b i l i ty  o f resp o n d in g  f o r  a re in fo rc e d  
IRT and le a d s  to  a  d e c re a se  in  IRTs too s h o r t  fo r  ie in fo rc e m e n t.
D isc r im in a tio n  betw een s t im u l i  i s  in f e r r e d  i f  th e re  i s  a g r e a te r  
p r o b a b i l i ty  o f  resp o n d in g  to  one s tim u lu s  th an  to  a n o th e r . In  th e  DRL 
sch ed u le  th e  s tim u lu s  to  respond i s  presum ably tim e i t s e l f .  Temporal 
d is c r im in a tio n  was d e fin e d  by Kramer and R i l l in g  (1969) to  be an in ­
c re ased  p r o b a b i l i ty  o f resp o n d in g  o n ly  a t  such tim e when th e  p r o b a b i l i ty  
o f re in fo rce m e n t i s  l ik e w is e  h ig h . The organism  th a t  has n o t formed a 
tem poral d is c r im in a t io n  w i l l  n o t show an in c re a s e d  p r o b a b i l i ty  o f respond­
ing  a t  th e  re in fo r c e d  IRT.
A second ty p e  o f d i s t r i b u t i o n ■, more s e n s i t iv e  to  tem poral d is c r im in ­
a t io n  th an  th e  IRT freq u en cy  d i s t r i b u t i o n ,  i s  th e  d i s t r i b u t i o n  Shimp (1967) 
r e f e r r e d  to  a s  "d w ell tim e " . The dw ell tim e d i s t r i b u t i o n  i s  a t r a n s f o r ­
m ation  o f th e  IRT freq u en cy  d i s t r i b u t i o n  c a lc u la te d  by m u ltip ly in g  th e  
number o f e n t r i e s  in  a b in , by th e  m idpo in t o f th e  b in .  Weiss (1970) p o in ts  
ou t th a t  th e  dw ell tim e d i s t r i b u t io n  i s  a more r e v e a lin g  index  o f DRL d i s ­
c r im in a tio n  than  th e  frequency  d i s t r i b u t i o n  becau se  e a r ly  b u r s t in g  re sp o n se s  
a re  d isco u n ted  due to  th e  tim e f a c to r  in v o lv ed  in  w e ig h tin g  th e  d i s t r i b u t i o n .  
In  c a lc u la t in g  a  dw ell tim e d i s t r i b u t i o n  from a bim odai IRT freq u en cy  d i s ­
t r i b u t i o n ,  th e  b im o d a lity  o f th e  d e r iv e d  d i s t r i b u t io n s  i s  l e s s  obv ious.
Even though th e  dw ell tim e  d i s t r i b u t i o n  i s  b im odai, tem poral d is c r im in ­
a t io n  i s  r e f l e c te d  to  a  g r e a te r  deg ree  s in c e  ty p ic a l ly  th e  p r o b a b i l i ty
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o f a b u r s t in g  re sp o n se  i s  much low er th an  th a t  o f a re sp o n se  o c c u rr in g  
n e a r th e  r e in fo r c e d  IRT. T h is o ccu rs  because  o f th e  tim e w e ig h tin g  
g iven  to  long  IRTs in  th e  dw ell tim e d i s t r i b u t i o n .
When compared w ith  r a t s ,  monkeys, and humans, p igeons fo r  th e  most 
p a r t  perform  p o o rly  on DRL sc h e d u le s . Reynolds (1964 a ,  b) has p o in ted  
ou t t h a t  p igeons m a in ta in  a r a t e  o f resp o n d in g  f a r  h ig h e r  th an  th a t  r e ­
q u ire d  by th e  sc h e d u le . P igeons no rm ally  p ick  up l e s s  than  2 p er cen t 
o f th e  programmed re in fo rc e m e n t on a DRL 20 -sec  o r DRL 30 -sec  sch e d u le , 
(Holz & A z rin , 1963; H o lz , A zrin  & U lr ic h ,  1963; Kramer & R i l l i n g ,  1969).
Kramer and R i l l in g  (1969) s ta t e d  th a t  on ly  a  v e ry  few o f th e  many 
s tu d ie s  in v o lv in g  DRL have a ttem p ted  to  in v e s t ig a te  t h i s  observed  d e f i ­
c ien cy  in  resp o n d in g  on a DRL 2 0 -sec  o r 3 0 -sec  sch ed u le  w ith  a p igeon . 
Kramer and R i l l in g  (1969) b e lie v e d  p igeons to  be a b le  to  form long  tem­
p o ra l d is c r im in a t io n s ,  c i t i n g  th e  works o f R i l l in g  (1 967), S tubbs (1968) 
and Reynolds and C a tan ia  (1962) as ev id en ce . Reynolds and C a tan ia  (1962) 
found th a t  p igeons w ere a b le  to  d is c r im in a te  27 from 30 seconds in  r e ­
sponding to  a l ig h te d  k ey .. P igeons w ere r e in fo r c e d  fo r  peck ing  a l ig h te d  
key on a  VI 2 0 -sec  sch ed u le  o n ly  i f  th a t  key had been dark  fo r  30 seco n d s, 
however th ey  w ere n o t re in fo r c e d  i f  th e  key had been d a rk  fo r  27 seconds. 
R ates  o f resp o n d in g  w ere found to  be much h ig h e r  a f t e r  30 seconds th an  
a f t e r  27 seco n d s , d em o n stra tin g  tem pora l d is c r im in a t io n .  Kramer and 
R i i l in g  (1969) f e l t  th a t  s:j.nce p igeons a re  a w id e ly  used ex p e rim en ta l 
an im a l, some a tte m p t shou ld  be made to  in v e s t ig a te  th e  observed  in e f ­
f ic ie n c y  o f th e  p ig e o n 's  DRL b e h a v io r , and to  d e te rm in e  w hether t h i s
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in e f f ic ie n c y  i s  t r u ly  c h a r a c t e r i s t i c  o f  t h i s  o rgan ism . One p o s s ib le  
mode o f in v e s t ig a t io n  i s  th rough  th e  use o f  punishm ent.
Punishm ent o f DRL Responding
A zrin  and H olz (1966) d e f in e d  punishm ent to  be a re d u c tio n  o f  th e  
fu tu r e  p r o b a b i l i ty  o f  a  re sp o n se  a s  a r e s u l t  o f  th e  im m ediate d e l iv e ry  
o f  a  s tim u lu s  fo r  t h a t  re sp o n se . In  most sch ed u le s  o f re in fo rce m e n t pun­
ishm ent d e c re a se s  th e  p r o b a b i l i ty  o f  re in fo rce m e n t by d e c re a s in g  th e  r a t e  
o f  re sp o n d in g . T y p ic a l ly ,  when punishm ent i s  no lo n g e r  c o n tin g e n t upon 
re sp o n d in g , th e  frequency  o f re in fo rc e m e n t r e tu r n s  to  i t s  p re -p u n ish e d  
l e v e l .
S ince  punishm ent d e c re a se s  th e  p r o b a b i l i ty  o f a re sp o n se , th u s  le n g th ­
en in g  IRTs, DRL b e h av io r sho u ld  improve a s  a r e s u l t  o f  pun ishm ent. H olz , 
A zrin  and U lr ic h  (1963) pun ished  a l l  re sp o n ses  on a DRL 30 -sec  A p p e tit iv e  
R einforcem ent sch ed u le  w ith  e l e c t r i c  shock . They dem onstra ted  t h a t  r a t e  
o f  resp o n d in g  to  be in v e r s e ly  r e l a t e d  to  shock i n t e n s i t y  w ith  freq u en cy  o f  
re in fo rce m e n t re a ch in g  a  maximum v a lu e  and th en  d e c re a s in g  a t  th e  h ig h e s t  
i n t e n s i t i e s  o f  shock . H o lz , A zrin  and U lr ic h  (1963) found th a t  th e  in ­
c re a se d  freq u en cy  o f  re in fo rc e m e n t due to  a  low ered re sp o n se  r a t e  was n o t 
m a in ta in ed  a f t e r  punishm ent was removed. I t  was a ls o  n o ted  in  t h i s  s tudy  
th a t  th e  IRT freq u en cy  d i s t r i b u t i o n  d id  n o t change u n ifo rm ly  a s  a fu n c tio n  
o f  shock b u t r a th e r  t h a t  th e  number o f s h o r t  IRTs (b u r s ts )  was g r e a t ly  
red u ced .
Holz and A zrin  (1963) conducted  a second experim ent a long  th e s e  same 
l i n e s ,  com paring th e  su p p re ss iv e  e f f e c t s  o f pun ishm ent, s a t i a t i o n ,  e x t in c ­
t i o n ,  and s tim u lu s  change, on resp o n d in g  in  a DRL 3 0 -sec  a p p e t i t iv e
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paradigm . Punishm ent, in  t h i s  c a se  shock , was found to  be a more immedi­
a te  and long  la s t in g  su p p resso r th an  e i th e r  o f th e  o th e r  th r e e .  Holz and 
A zrin  (1963) no ted  th a t  punishm ent had i t s  g r e a te s t  e f f e c t  on th e  l e a s t  
r e le v a n t  re sp o n se s  to  th e  o v e r a l l  frequency  o f re in fo rc e m e n t. That i s  
to  say  b u rs t in g  re sp o n ses  a re  th e  l e a s t  r e le v a n t  s in c e  t h e i r  e l im in a tio n  
does n o t g r e a t ly  e f f e c t  th e  o v e r a l l  frequency  o f re in fo rc e m e n t. Holz 
and A zrin  (1963) s t a t e  t h a t  " s in c e  t h e i r  e l im in a tio n  does no t reduce  th e  
r a t e  o f re in fo rc e m e n t, th ey  appear to  be r e l a t i v e l y  more s e n s i t iv e  to  
p un ishm ent."  Thus punishm ent produced a tem poral re sp o n se  p a t te r n  th a t  
allow ed a la rg e  re d u c tio n  o f punishm ents as  evidenced by th e  exam ination  
o f th e  IRT frequency  d i s t r i b u t i o n  which shows a la r g e  re d u c tio n  in  s h o r t  
IRTs w ith  th e  median IRT moving tow ard one o f a p ro g re s s iv e ly  lo n g e r 
d u ra t io n . Kramer and R i l l in g  (1969) confirm ed Holz and A z r in 's  f in d in g s  
u sin g  b la ck o u t as punishm ent in s te a d  o f shock.
L e ite n b e rg  (1965) review ed th e  l i t e r a t u r e  on b la ck o u t and found i t  
to  have a v e r s iv e . p ro p e r t ie s  y ie ld in g  b e h a v io ra l  r e s u l t s  much l i k e  shock. 
Kramer and R i l l in g  (1969) ra n  a DRL 20-sec  sch ed u le  w ith  b la c k o u t as 
punishm ent fo r  a l l  IRTs s h o r te r  th an  20 seconds and s im i la r ly  found r a t e  
to  be su p p re sse d , w ith  an i n i t i a l  in c re a s e  in  th e  frequency  o f r e in f o r c e ­
m ent. However, IRT d i s t r i b u t io n s  re tu rn e d  to  p re -p u n ish ed  le v e l s  when 
b la ck o u t was removed. Kramer and R i l l in g  (1969) found as d id  Holz and 
A zrin  (1963) th a t  th e  s h o r te s t  IRTs were v i r t u a l l y  e lim in a te d  under th e  
punished c o n d itio n .
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The Experim ent
Kramer and R i l l in g  (1 9 6 9 ), H o lz , A z rin , and U lr ic h  (1963) and 
Holz and A zrin  (1963) in  p u n ish in g  DRL resp o n d in g  pun ished  a l l  re sp o n ­
s e s .  The proposed e x p e rim en t? hqw ever, pun ished  re sp o n se s  based  on 
s e l e c t  IRT c a te g o r ie s . The experim ent was u n lik e  p re v io u s  s tu d ie s  in  
t h a t  IRT c la s s e s  w ere pun ished  s e p a ra te ly  and an index  o f  resp o n se  
su p p re ss io n  was employed to  m easure th e  v a ry in g  s e n s i t i v i t i e s  o f  th e  
d i f f e r e n t  IRT c la s s e s  to  pun ishm ent. Holz (1963) concluded th a t  b u r s t ­
in g  re sp o n se s  w ere l e s s  r e le v a n t  re sp o n ses  fo r  re in fo rc e m e n t, th u s  more 
s e n s i t iv e  th e re b y  acco u n tin g  f o r  t h e i r  r a p id  e l im in a t io n .  The im p lic a ­
t io n  o f t h i s  s ta tem e n t i s  t h a t  punishm ent d i f f e r e n t i a l l y  e f f e c t s  d i f ­
f e r e n t  IRT c la s s e s  depending  upon th e i r  re le v an c y  w hich Holz and A zrin  
(1963) d e f in e d  a s  r e d u c tio n  o f  re in fo rc e m e n t freq u en cy . However, t h e i r  
paradigm s d id  n o t  s p e c i f i c a l l y  examine th e  v a ry in g  s e n s i t i v i t y  o f IRT 
c la s s e s  to  punishm ent. The ex p erim en ts  o f  Kramer and R i l l in g  (1969), 
H o lz , A zrin  and U lr ic h  (1963) and Holz and A zrin  (1963) though seem ingly  
d em o n stra tin g  d i f f e r e n t i a l  e f f e c t s  o f  punishm ent on d i f f e r e n t  IRT c la s ­
s e s ,  d id  n o t  a c tu a l ly  d i f f e r e n t i a l l y  p u n ish  v a r io u s  IRT c la s s e s .
The p re s e n t s tu d y  examined th e  e f f e c t s  o f punishm ent on an IRT 
c la s s  as ev idenced  by th e  la te n c y  o f p o s t  b la c k o u t re sp o n se s . In  th e  
p re s e n t  s tu d y  th e  p o s t b la c k o u t la te n c y  d i s t r i b u t i o n  i s  a freq u en cy  
d i s t r i b u t i o n  composed o n ly  o f th o se  IRTs th a t  fo llo w  punishm ent. P o s t 
b la c k o u t resp o n se  r a t e s  and e f f ic ie n c y  r a t i o s  can be d e riv e d  from the  
p o s t  b la ck o u t la te n c y  d i s t r i b u t i o n ,  and a s  such se rv e  as  an index  o f
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re sp o n se  su p p re s s io n . N euringer and S chneider (1968) employed a p o s t 
b lack o u t la te n c y  d i s t r i b u t i o n  as  an index  o f resp o n se  s t r e n g th .  The 
p o s t b la ck o u t la te n c y  d i s t r i b u t i o n  re v e a le d  re sp o n se  l a t e n c ie s  to  be 
l i n e a r l y  r e l a t e d  to  in te r re in fo rc e m e n t tim e on b o th  an FR and FI sched­
u le ,  w hereas they  were n o t  c o r r e la te d  w ith  th e  number o f  i n t e r r e in f o r c e ­
ment re sp o n se s . Staddon and In n is  (1969) in  s tu d y in g  re in fo rce m e n t 
om ission  found th a t  as  b la c k o u t d u ra t io n  in c re a se d  p o s t b la c k o u t la te n c y  
d ec rea sed  on an F I 2 min sc h e d u le . Both o f  th e  above m entioned  s tu d ie s  
employed p o s t b la c k o u t la te n c y  a s  a  m easure o f re sp o n se  s t r e n g th .  The 
p re s e n t s tu d y  employed th e  p o s t b la c k o u t la te n c y  d i s t r i b u t i o n  o f re sp o n se s  
fo llo w in g  punishm ent as an index  o f  s u p p re ss io n . One o f th e  experim en­
t a l  o b je c t iv e s  was th e  com parison o f  th e  p o s t b la c k o u t re sp o n se  r a t e s  
and e f f ic ie n c y  r a t i o s  betw een pun ished  b u r s t in g  re s p o n se s , and th e  pun­
ish e d  modal p o in t o f  th e  p re -p u n ish ed  IRT freq u en cy  d i s t r i b u t i o n .  T his 
te ch n iq u e  o f com paring p o s t b la c k o u t re sp o n se  r a t e s  and e f f ic ie n c y  r a t i o s  
fo r  th e  two d i f f e r e n t  c la s s e s  o f  punished  re sp o n ses  shou ld  r e f l e c t  th e  
s e n s i t i v i t y  o f  th a t  p a r t i c u l a r  IRT c la s s  to  punishm ent. S e n s i t i v i t y  to  
punishm ent i s  to  th e  e x te n t  to  which respond ing  i s  su p p re ssed . I f  one 
c la s s  i s  more s e n s i t iv e  to  punishm ent than  a n o th e r  th e  p o s t b la c k o u t r e ­
sponse r a t e  shou ld  be low er f o r  th a t  c la s s  and lik e w is e  e f f ic ie n c y  should  
be g r e a te r .  I f ,  how ever, th e r e  ap p ea rs  to  be no d i f f e r e n c e s  betw een th e  
p o s t b la ck o u t r a t e s  we may conclude th a t  Holz and A zrin  (1963) w ere un­
j u s t i f i e d  in  c la im in g  th e  ra p id  e l im in a tio n  o f b u r s t in g  re sp o n se s  was a 
fu n c tio n  o f  t h e i r  s e n s i t i v i t y ,  b u t r a th e r  t h a t :  (1) punishm ent may have
9
served  as  feedback fo r  th e  b u rs t in g  re sp o n se , o r  (2) b u rs t in g  re sp o n ses  
a re  e m itte d  more f r e q u e n tly  and th u s  have a h ig h e r  freq u en cy  o f  p u n ish ­
ment . Thus a  d e c rea se  ip  th e  la rg e  number o f  s h o r t  IRTs w i l l  le a d  to  
a  la rg e  re d u c tio n  o f  pun ishm ent.
CHAPTER II
METHOD
S u b jec ts
The s u b je c ts  w ere th re e  e x p e r im e n ta lly  n a iv e  a d u l t  w h ite  Carneaux 
p ig eo n s , m a in ta ined  a t  80 p e r  c en t o f t h e i r  f r e e  feed in g  w e ig h t.
A pparatus
A Lehigh V a lley  E le c tro n ic s  th re e -k e y  p igeon chamber was employed.
The chamber m easured 31 x 34 x 34 cm. The re sp o n se  k ey s , 2 .5  cm in  
d ia m e te r , were mounted 20 cm. from th e  f lo o r  and 10 cm. above th e  top  
of th e  fe e d e r  a p e ra tu re . R einforcem ent was 6 seconds access  to  g ra in ,  
o b ta in ed  th rough  a 4 by 6 cm. fe e d e r a p e r a tu r e ,  lo c a te d  6 cm. above th e  
f lo o r .  E x terran eo u s n o is e  was c o n tro l le d  w ith  a Lehigh V alley  E le c tro n ic s  
a t te n u a t io n  s h e l l  and a G ra so n -S ta d le r  w h ite  n o is e  g e n e ra to r ,  model 455C. 
S o lid  s t a t e  d i g i t a l  lo g ic  was used to  program a l l  ex p erim en ta l e v e n ts . 
Responses and re in fo rce m e n ts  w ere reco rd ed  on e le c tro m a g n e tic  c o u n te rs . 
P o s t b lack o u t la te n c y  re sp o n se  in t e r v a l s  were ta k en  on a p r in t - o u t -  
co u n te r (M oduprint-M odel MMP-6), m anufactured  by P r a c t ic a l  A utom ation,
In c . The programming c i r c u i t r y  and th e  p igeon  chamber w ere housed in  
a d ja c e n t rooms.
Procedure
Kramer and R i l l i n g s '  (1969) p rocedure  of c o n d itio n in g  DRL b eh av io r
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was employed. D uring th e  f i r s t  few s e s s io n s  pecks on th e  c e n te r  key 
w ere c o n d itio n e d . The re in fo rce m e n t sch ed u le  employed was CRF and 
th e  s e s s io n s  were te rm in a te d  a f t e r  25 re in fo rc e m e n ts  were d e l iv e re d .
The house l i g h t s  were on co n tin u o u s ly  as w e ll as th e  l ig h te d  c e n te r  
key , excep t d u rin g  th e  d e l iv e ry  o f a re in fo rc e m e n t, a t  which tim e th e  
g ra in  hopper re in fo rcem en t l i g h t  was tu rn ed  on and th e  house l i g h t  and 
c e n te r  key l i g h t  w ere darkened . Once s ta b le  CRF b eh av io r was c o n d itio n ed  
th e  s u b je c ts  were p laced  on DRL ( t )  second sch ed u le . In  t h i s  case  ( t )  
was measured from e i th e r  th e  l a s t  re in fo rc e m e n t, th e  b eg inn ing  o f th e  
s e s s io n ,  o r th e  l a s t  re sp o n se  which ever had occu rred  most r e c e n t ly .
The i n i t i a l  v a lu e  o f ( t )  was one second. On each succeed ing  day ( t )  
was in c re a se d  by one second , i f  th e  b eh av io r o f th e  s u b je c t  a llow ed , u n t i l  
a DRL 20-sec  sch ed u le  was in  e f f e c t .  The s u b je c ts  were m ain ta in ed  on a 
DRL 20-sec sch ed u le  u n t i l  s t a b i l i t y  was ach iev ed . T his was th e  i n i t i a l  
b a s e l in e  c o n d itio n  (B ^). S t a b i l i t y  was evidenced by a s ta b le  e f f ic ie n c y  
r a t i o  fo r  a p e rio d  o f f iv e  days in  a d d i t io n  to  a s t a b l e  frequency  d i s t r i ­
b u tio n  fo r  a p e rio d  of f iv e  d ay s. The e f f ic ie n c y  r a t i o  i s  d e riv e d  by 
d iv id in g  th e  t o t a l  number o f re sp o n se s  by th e  t o t a l  number o f r e in f o r c e ­
m ents. D a ily  s e s s io n s  fo r  each p igeon were e i th e r  te rm in a ted  by 25 
re in fo rce m e n ts  o r 1 hour o f runn ing  tim e .
The experim ent c o n s is te d  o f fo u r phases once DRL b eh av io r was con­
d i t io n e d .  In  tlje  f i r s t  p h ase , punishm ent o f  s h o r t  IRTs (P ) ,  a l l  IRTss
le s s  than  two seconds were punished  by a te n  second b la ck o u t a t  which 
tim e th e  house l i g h t ,  and key l i g h t  were darkened and fu r th e r  re spond ing
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had no consequences. Time ( t )  was now measured from e i th e r  th e  l a s t  r e ­
in fo rcem en t, th e  s t a r t  o f  th e  s e s s io n ,  th e  l a s t  re sp o n se , o r th e  end of 
b la c k o u t , w hichever had o ccu rred  most r e c e n t ly .  Phase one was in  e f f e c t  
u n t i l  s t a b i l i t y  o f respond ing  was reco rd ed  fo r  5 d ay s , as evidenced by the  
s u b je c t s ' e f f ic ie n c y  r a t i o  and frequency  d i s t r i b u t i o n s .  D uring th e  second 
phase , punishm ent was no lo n g e r d e liv e re d  fo r  IRTs s h o r te r  th an  2 seconds. 
T h is b a s e lin e  phase ( l^ )  was employed to  re c o v e r a s t a b l e  b a s e l in e  p e r fo r ­
mance and was con tin u ed  u n t i l  s t a b i l i t y  was ach iev ed .
In  th e  th f r d  p h ase , long  IRT punishm ent (P ^ ) , th e  modal IRT ca teg o ry  
c lo s e s t  to  th e  DRL c r i t e r i o n  was punished fo r  each p igeon . The 16-20 sec 
IRT ca teg o ry  was punished  fo r  p igeon  #1134 s in c e  th e  m a jo r ity  o f IRTs 
te rm in a ted  by t h i s  p igeon d u rin g  s ta b le  DRL 20 sec  respond ing  f e l l  ir ito  
th e  16-20 sec IRT ca teg o ry  b in .  FjOr p igeon #533 th e  8-12 sec  IRT ca teg o ry  
co n ta in ed  th e  m a jo r ity  o f  IRTs em itted  d u rin g  i n i t i a l  DRL 20 sec  respond ing  
and were th u s  p u n ish ed . The 4-8  second ca te g o ry  co n ta in ed  th e  m a jo r ity  of 
IRTs fo r  p igeon #5992. However th e  8-12 sec  ca te g o ry  was punished  fo r  
p igeon #5992 s in c e  th e  d i f f e r e n c e  betw een th e  4-8 sec and 8-12 sec  
ca teg o ry  was sm all and th e  8-12 sec ca te g o ry  was c lo s e r  to  th e  DRL c r i ­
t e r io n .  Phase th re e  was co n tin u ed  u n t i l  s t a b i l i t y  was ach iev ed .
The fo u r th  phase c o n s is te d  o f an o th e r b a s e l in e  reco v ery  phase (B^) 
in  which punishm ent was removed and b eh av io r was allow ed to  s t a b i l i z e .
The p rocedu re  t a b le  o u t l in e s  th e  ex p erim en ta l phases and t h e i r  o rd e r o f 
o ccu rren ce  fo r  each p igeon :
EXPERIMENTAL ORDER OF PHASE
Pigeon
#1134 B1 PL b2 ps
# 533 B1 PL B2 Ps
#5992 B1 Ps B2 PL
Bg -  i n i t i a l  DRL 20 sec  respond ing  
P^ -  punishm ent o f  long IRTs 
Pg -  punishm ent o f b u r s t  re sp o n ses  
B2 -  re co v ery  b a s e l in e  
Bg -  re co v ery  b a s e l in e
CHAPTER 3
RESULTS
F ig u re  1 shows th e  e f f e c t s  o f punishm ent on th e  p e rc en ta g e  o f 
b u r s t in g  re sp o n se s . Each v a lu e  r e p re s e n ts  th e  av erag e  p e rc en ta g e  of 
b u rs t in g  resp o n ses  th a t  o ccu rred  d u rin g  th e  l a s t  f iv e  days in  each 
c o n d itio n . F ig u re  1 shows th a t  b u r s t  respond ing  was f a c i l i t a t e d  by 
b u rs t  punishm ent w hereas b u r s t in g  o ccu rred  l e s s  f r e q u e n t ly  d u rin g  
16-20 sec and 8-12 sec  punishm ent. Thus th e  re sp o n se  r a t e  in c re a s e s  
and d ecreased  e f f ic ie n c y  p re s e n t d u rin g  b u r s t  punishm ent o ccu rred  con­
c u r r e n t ly  w ith  la rg e  in c re a s e s  in  th e  frequency  o f re sp o n se  b u r s t in g .  
F ig u re  1 shows th a t  ro u g h ly  h a l f  th e  IRTs em itted  d u rin g  th e  b u r s t  
punishm ent phase by p igeons #533 and #5992 were b u rs tin g '' re sp o n se s .
The e f f e c t s  o f punishm ent on 8-12 and 16-20 sec  IRTs a re  shown
in  F ig u re  2. Each v a lu e  shown re p re s e n ts  an av erag e  o f th e  l a s t  f iv e
\
days in  each c o n d it io n . P igeons #1134 and #533 showed su p p re ss io n  o f 
16-20 and 8-12 sec  IRTs, over p reced in g  s ta b le  DRL 20 sec  re sp o n d in g , 
when punishm ent was c o n tin g e n t upon th e i r  em issio n . However p igeon 
#5992 showed a s l i g h t  in c re a s e  in  8-12 sec  IRT em iss io n , over th e  
p reced in g  s ta b le  DRL 20 -sec  re sp o n d in g , when punishm ent was c o n tin g e n t , 
upon em ission  o f 8-12 sec  IRTs. T h is  in c re a s e  may be a t t r i b u t e d  to  th e
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f in d in g  th a t  8-12 sec  punishm ent fo r  p igeon  #5992 r e s u l te d  in  an in c re a se d  
em ission  o f IRTs r e l a t i v e l y  lo n g e r th an  th o se  em itted  du rin g  s t a b l e  DRL 
resp o n d in g .
F ig u re  3 shows th e  e f f e c t s  o f  punishm ent on IRTs. Four ex p erim en ta l 
phases a re  shown fo r  each b i r d  going  from to p  to  bo ttom . The phases from 
top  to  bottom  in  o rd e r a r e :  i n i t i a l  20 sec  DRL resp o n d in g , e i t h e r  16-20
p
o r  8-12 sec  IRT punishm ent, b u r s t  pun ishm ent, and th e  f i n a l  re c o v e ry  phase . 
The IRT c a te g o r ie s  a re  in  4 -se c  i n t e r v a l s  w ith  th e  r e in fo rc e d  IRTs in ­
d ic a te d  by d o tte d  b a r s .  I t  i s  e v id e n t from F ig tire  3 t h a t  th e  e f f e c t  o f 
16-20 and 8-12 sec  IRT punishm ent was to  s h i f t  th e  d i s t r i b u t i o n  toward 
lo n g e r IRTs. The e f f e c t  o f  b u r s t  punishm ent was to  s h i f t  th e  d i s t r i b u t io n s  
toward s h o r te r  IRTs. The d i s t r i b u t io n s  marked f i n a l  re co v ery  in d ic a te  th a t  
a f t e r  rem oval o f a l l  punishm ent c o n tin g e n c ie s  th e  d i s t r i b u t io n s  s h i f te d  
back  in  th e  d i r e c t io n  o f  i n i t i a l  v a lu e s .
Dwell tim e (Shimp, 1967) was chosen a s  an in d ex  o f tem poral d is c r im in ­
a t io n .  W eiss (1970) p o in ts  ou t t h a t  d w ell tim e  i s  th e  m ost r e v e a lin g  index  
o f tem poral d is c r im in a t io n  b ecause  e a r ly  b u r s t in g  re sp o n ses  a re  d isco u n ted  
due to  th e  tim e f a c to r  in v o lv ed  in  w e ig h tin g  th e  d i s t r i b u t i o n .  F ig u res  
4 , 5 , and 6 a re  dw ell tim e d i s t r i b u t io n s  f o r  th e  th r e e  ex p e rim en ta l p ig eo n s. 
In  o rd e r  to  f a c i l i t a t e  com parisons betw een th e  two punishm ent phases dw ell 
tim e was ex p ressed  as a p e rc e n ta g e  o f t o t a l  s e s s io n  tim e occuppied by each 
IRT c a te g o ry . A lthough th e  f ig u r e s  show some s i m i l a r i t i e s  betw een p u n ish ­
ment phases fo r  each b i r d ,  d i s t i n c t  t re n d s  do e x i s t .  I f  th e  tendency  to  
e m itt  b u r s t in g  re sp o n se s  i s  any in d ic a t io n  o f poor tem poral d is c r im in a t io n ,
IRT C A T E G O R I E S  IN 4 - S E C .  I N T E R V A L S
P
E
R
C
E
N
T
A
G
E
 
O
F
 
T
O
T
A
L
 
R
E
S
P
O
N
S
E
S
fi
n
a
l 
re
c
o
v
e
ry
KJ u>
• 
•
•
•
•
•
 n
 
•
•
•
•
•
•
•
•
• 
•
•
•
•
•
•
]
r
Uv $
b
u
rs
t 
p
u
n
is
h
m
e
n
t
r
16
 -
2
0
 s
ec
.
O OP o
i r
 t
 
p
u
n
i 
sh
m
e
n
 i
K>
 
U
l
u 
O
o'
° 
o'
?
in
it
ia
l 
2
0
s
e
c
. 
d
r 
I
T
T
7
T
1
 
V
.V
.M
 
• 
«
•
•
•
■
T
rt
y—
3 
V
.M
•
 
•
 
•
 
J
ut
ltl
U
8
 -
1
2
 
se
c.
 i
 r
 t 
p
u
n
is
h
m
e
n
t
o p o
n
 m tn
8
—
1
2
 
se
c.
 •
 r
 t
 
p
u
n
i 
sh
m
e
n
l
J
I O
 >
 J 73 r
n 
30
 m
 Z iO
 
> 
o
 z
 
” t 
-
m
 
—
_ 
z 
z
z
 -
n 
™
° 
o
o
o c 3D m
: >
£ 
c*
,T
o
> 
at
 (
/>
00
5 o m
—
< 
—
 C
O
"»
 Z
 
O
 O
-
>
 
30
 -
 
”
 
0
00
19
th e  dw ell tim e d i s t r i b u t io n s  fo r  e i th e r  16-20 sec  o r  8-12 sec  IRT 
punishm ent r e f l e c t  s u p e r io r  tem poral d is c r im in a t io n * r e l a t i v e  to  th e  
b u r s t  punishm ent p h ase , fo r  a l l  th r e e  p ig eo n s. B u rs t punishm ent dw ell 
tim e  d i s t r i b u t io n s  a re  in d ic a te d  by broken l in e s  w hereas s o l id  l in e s  
in d ic a te  dw ell tim e fo r  e i th e r  16-20 o r 8-12 sec  IRT punishm ent. V alues 
shown a re  averag es  o f  th e  l a s t  f iv e  days in  each c o n d it io n . F ig u re  4 
in d ic a te s  th a t  p igeon  #1134 sp en t a g r e a te r  p e rc en ta g e  o f s e s s io n  tim e 
e m itt in g  0-2 sec  IRTs d u rin g  th e  b u r s t  punishm ent phase th an  d u rin g  16-20 
sec IRT punishm ent. T h is f in d in g  i s  most marked in  p igeons #533 and 
#5992 whose d i s t r i b u t io n s  may be found in  F ig u re  5 and 6 , r e s p e c t iv e ly .  
P igeons #533 and #5992 sp en t a r e l a t i v e l y  lo n g e r amount o f s e s s io n  tim e 
e m itt in g  b u r s t in g  re sp o n ses  when punishm ent was c o n tin g e n t upon t h e i r  
em ission  than.w hen punishm ent was c o n tin g e n t upon 8-12 sec  IRTs.
F ig u re  4 in d ic a te s  a tendency  fo r  p igeon  #1134 to  spend more tim e 
e m itt in g  re in fo rc e d  IRTs d u rin g  16-20 sec  IRT punishm ent r e l a t i v e  to  th e  
tim e sp en t e m itt in g  re in fo rc e d  IRTs d u rin g  th e  b u r s t  punishm ent ph ase . 
T ab le  6 in  th e  Appendix shows th a t  n e a r ly  tw ice  as much tim e was sp en t 
e m ittin g  re in fo rc e d  IRTs d u rin g  16-20 sec  IRT punishm ent th an  d u rin g  
b u r s t  punishm ent. F ig u res  5 and 6 a lso  show a tendency fo r  p igeons #533 
and #5992 to  spend r e l a t i v e l y  more tim e e m itt in g  re in fo rc e d  IRTs d u rin g
8-12 sec  IRT punishm ent, th an  d u rin g  b u r s t  punishm ent.
(
T ab le  1 shows p o st b la ck o u t re sp o n se  fre q u e n c ie s  fo r  th e  th re e  
p ig eo n s . The p o s t b la ck o u t re sp o n se  fre q u e n c ie s  w ere d e riv e d  from p o s t
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F I G U R E  4
D W E L L  T I M E -  P I G E O N  1 1 3 4
T h e  p r o p o r t i o n  o f  t o t a l  s e s s i o n  t i m e  o c c u p i e d  b y  e a c h  I R T  
c a t e g o r y  f o r  t h e  t w o  p u n i s h m e n t  p h a s e s .  V a l u e s  s h o w n  
r e p r e s e n t  a n  a v e r a g e  o f  t h e  l a s t  f i v e  d a y s  i n  e a c h  
c o n d i t i o n .
b u r s t
p u n i s h m e n t
1 6 *  2 0  s e c .  IRT 
_ p u n i s h m e n t .
r e i n f o r c e d
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F I G U R E  5
D W E L L  T I M E - P I G E O N  5 3 3
T h e  p r o p o r t i o n  o f  t o t o l  s e s s i o n  t i m e  o c c u p i e d  b y  e o c h  I R T  
c a t e g o r y  f o r  t h e  t w o  p u n i s h m e n t  p h a s e s .  V a l u e s  s h o w n  
r e p r e s e n t  a n  a v e r a g e  o f  t h e  l a s t  f i v e  d a y s  i n  e a c h  
c o n d  i t i o  n .
b u r s t  
p u n i s h m e n t
8 - 1 2  s e c .  
p u n i s h m e n t
r e  i n f o  r e e d  
I R T S
I R T  C A T E G O R I E S  IN 2 - S E C .  I N T E R V A L S
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F I G U R E  6
D W E L L  T I M E  -  P I G E O N  5 9  9  2
T h e  p r o p o r t i o n  o f  t o t a l  s e s s i o n  t i m e  o c c u p i e d  b y  e a c h  I R T  
c o t e g o r y  f o r  t h e  t w o  p u n i s h m e n t  p h a s e s .  V a l u e s  s h o w n
2 5'
c o  n d  i t ' i  o  n.
b u r s t
p u n i s h m e n t
r e i n f o r c e d
I R T ' S
8 - 1 2  s e c .
I RT 
p u n i s h m e n t
X
m
10 12 1 4 16 1 8 2 420 2 6
I R T  C A T E G O R I E S  IN 2 - S E C .  I N T E R V A L S
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b lack o u t la te n c y  d i s t r i b u t io n s  composed o f j u s t  th o se  IRTs fo llo w in g  
b la c k o u t. A ll v a lu e s  shown re p re s e n t  av erag es  o f th e  l a s t  f iv e  days 
in  each c o n d itio n . T ab le  1 shows th a t  p o s t b lack o u t re sp o n se  f r e ­
q uencies  a re  h ig h e r  fo llo w in g  b u r s t  punishm ent th an  fo llo w in g  punishm ent 
o f e i t h e r  8-12 o r 16-20 sec  IRTs fo r  a l l  th r e e  p ig eo n s.
P o s t b la ck o u t e f f ic ie n c y  i s  shown in  T able 2. Post b la ck o u t e f f i ­
c ie n c y , l i k e  p o s t b lack o u t resp o n se  freq u en cy , was d e riv ed  from a p o s t 
b lack o u t frequency  d i s t r i b u t i o n  o f re sp o n se s . P o st b lack o u t e f f ic ie n c y  
was c a lc u la te d  by d iv id in g  th e  t o t a l  number of re in fo rc e d  re sp o n ses  f o l ­
low ing b la ck o u t by th e  t o t a l  number o f re sp o n ses  fo llo w in g  b la c k o u t.
Each v a lu e  i s  an average  o f th e  l a s t  f iv e  days in  each punishm ent phase . 
T able 2 shows th a t  e f f ic ie n c y  tended to  be h ig h e r fo llo w in g  punishm ent 
o f  long IRTs than  fo llo w in g  b u rs t  punishm ent. T h is f in d in g  i s  in  a g ree ­
ment w ith  th e  f in d in g  th a t  re sp o n se  f re q u e n c ie s  fo llo w in g  long IRT pun­
ishm ent were low er th an  resp o n se  f re q u e n c ie s  fo llo w in g  b u r s t  punishm ent.
Complete ta b le s  o f Response Frequency, R einforcem ent Frequency and 
E f f ic ie n c y  may be found in  th e  Appendix. A ta b le  showing th e  p e rcen tag e  
o f r e in fo rc e d  dw ell tim e fo r  bo th  punishm ent phases may a ls o  be found in  
the  A ppendix. The ta b le s  o f  Response Frequency (3 ) ,  R einforcem ent F re ­
quency (4 ) , and E f f ic ie n c y  (5) a re  co n ta in ed  in  th e  Appendix due to  th e  
f a c t  th a t  th ey  do n o t show th e  marked changes d u rin g  th e  punishm ent 
phases as do th e  IRT d i s t r i b u t io n s .
2 4
T A B L E  1
P O S T  B L A C K O U T  R E S P O N S E  F R E Q U E N C Y  
- r e s p o n s e s  p e r V  m i n u t e -
p i g e o n
B U R S T  1  8 - 1 2  s e c .  
P U N I S H M E N T  1  P U N I S H M E N T
1 6 - 2 0  s e c .  
1 R T
P U N I S H M E N T
11 3 4 5 .7  6 4 .8 1
5 3 3 5.9 0 5 .7  3
■ S I
5 9 9 2 6 .7  0 6 . 0 2 W m
e a c h  v a l u e  s h o w n  r e p r e s e n t s  a n  a v e r a g e  o f  t h e  l a s t  f i v e  d a y s  i n  e a c h  c o n d i t i o n
T A B L E  M  
P O S T  B L A C K O U T  E F F I C I E N C Y
p e r c e n t a g e  o f  r e i n f o r c e d  r e s p o n s e s  f o l l o w i n g  b l a c k o u t
p i g e o n
B U R S T
P U N I S H M E N T
8 "  1 2  s e c .  
1 R T 
P U N I S H M E N T
1 6  ~  2 0  s e c .  
I R T  
P U N I S H M E N T
1 1 3 4 1 6 .0 7 % iill 1 8 .5  4 %
5 3 3 5 .5 9 % 6 .0  4 % IIPI
5 9 9 2 1.5 7 % 2 .6 0 % Bii
e a c h  v a l u e  s h o w n  r e p r e s e n t s  a n  a v e r a g e  o f  t h e  f a s t  f i v e  d a y s  in e a c h  c o n d i t i o n
CHAPTER IV
DISCUSSION
Kramer and R i l l in g  (1970) h y p o th esized  th a t  th e  punishm ent o f  a 
band o f IRTs around th e  modal IRT m ight produce an e f f e c t  s im i la r  to  the  
punishm ent of a l l  u n re in fo rc e d  IRTs. The e f f e c t  r e f e r r e d  to  i s  the  reduc­
t io n  of s h o r t  IRTs and a subsequen t s h i f t  in  th e  IRT d i s t r i b u t io n s  to ­
ward lo n g er IRTs; (Holz and A z rin , 1963; H olz , A z rin , and U lr ic h ,  1963; 
Kramer and R i l l i n g ,  1969). D ata  from th e  p re s e n t  s tu d y  on modal IRT 
punishm ent appears to  su p p o rt t h i s  h y p o th e s is . The lo w est p e rc en ta g e  of 
b u r s t in g  resp o n ses  e m itted  by p igeons #1134 and #5992 o ccu rred  d u rin g  
16-20 and 8-12 sec  IRT.punishm ent r e s p e c t iv e ly .  C oncom itant w ith  a 
d ecrease  in  b u r s t in g  re sp o n ses  an in c re a s e  in  long  IRTs o c c u rre d . P i­
geon #533 lik e w ise  e m itted  r e l a t i v e l y  few b u r s t in g  re sp o n ses  d u rin g  8-12 
sec  IRT punishm ent and a ls o  dem onstrated  a tendency  to  em it long  IRTs.
Kramer and R i l l in g  (1970) su g g ested  th a t  b u r s t in g  resp o n ses  appear 
to  be due in  p a r t  to  a la c k  o f s tim u lu s  feedback  from the  response  
manipulandum. K e lle h e r , F ry , and Cook (1959), n o ted  th a t  th e  rem oval
of a response  produced r e la y  c l i c k ,  fo r  r a t s  e m it t in g  r e l a t i v e l y  few
\
b u r s t in g  re sp o n ses  and s t a b i l i z e d  on a  DRL 20 second l im ite d  h o ld  5 
second sch e d u le , produced an in c re a s e  in  th e  p e rcen tag e  of b u r s t in g  
re sp o n se s . Kramer (1968) and Sidman (1956) found b u r s t in g  to  occur
25
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r e l a t i v e ly  in f re q u e n tly  fo llo w in g  re in fo rce m e n t. Kramer and R i l l in g  
(1970) thus reasoned  th a t  i f  b u r s t in g  i s  due to  a la ck  of s tim u lu s  feed ­
back th en  punishm ent consequen t on b u r s t  em issio n  should  reduce  th e  
p r o b a b i l i ty  of a b u r s t  re sp o n se . D ata  from th e  p re s e n t  s tu d y  demon­
s t r a t e s  j u s t  th e  o p p o s ite  to  be th e  c a se , namely b u r s t  resp o n se  produced 
b la c k o u t f a c i l i t a t e d  b u r s t  re sp o n d in g .
Along t h i s  same l i n e  Holz and A zrin  (1963) p o s tu la te d  t h a t  th e  ra p id  
re d u c tio n  o f b u r s t in g  re sp o n se s , when a l l  u n re in fo rc e d  IRTs w ere p u n ish ed , 
was a d i r e c t  r e s u l t  o f b u r s ts  b e in g  th e  most s e n s i t iv e  v a r ie ty  o f IRTs 
due to  t h e i r  r e l a t i v e  o v e r a l l  unim portance to  re in fo rce m e n t frequency  
and t h e i r  h ig h  r a t e  o f  em iss io n . D ata from th e  p re s e n t  s tu d y , namely 
p o s t b la ck o u t resp o n se  fre q u e n c ie s  and p o s t b la c k o u t e f f ic ie n c y  in d ic a te  
th a t  s h o r t  IRTs a re  more l i k e l y  to  occu r fo llo w in g  b u r s t  pun ishm ent, where­
as the  p e rcen tag e  o f  b u r s t in g  re sp o n ses  a re  reduced  d u rin g  long  IRT pun­
ishm ent .
One p la u s ib le  e x p la n a tio n  fo r  the  f in d in g  th a t  b u r s t  resp o n d in g  was 
m ain ta in ed  and f a c i l i t a t e d  by b u r s t  punishm ent i s  one o f se lf- im p o sed  
tim e ou t (TO). TO i s  a c o n d itio n  analagous to  e x t in c t io n  d u rin g  which 
f u r th e r  resp o n d in g  has no consequences. H e rn s te in  (1955) h as  shown th a t  
TO can fu n c tio n  e i t h e r  to  rew ard or pun ish  b e h av io r depending upon th e  
b a s e l in e  sch ed u le  upon which i t  i s  imposed. H e a rs t , K oresko, and Poppen 
(1964) b e lie v e  th e  DRL sch ed u le  to  be s e m i-a v e rs iv e  and Shimp (1968) has 
dem onstra ted  p igeons p r e f e r  to  em it s h o r t  IRTs. Kramer and R i l l in g  (1970)
27
have h y p o th esized  th a t  s in c e  DRL sch ed u les  r e q u ire  long  IRTs p igeons 
might respond to  escape  DRL p a ra m e te rs .
D ata from th e  p re s e n t  s tu d y  in d ic a te d  b u r s t  respond ing  was main­
ta in e d  and f a c i l i t a t e d  jay resp o n se  produced b la c k o u t. In  o th e r  w ords, 
b la ck o u t was n o t s e rv in g  a s  a p u n ish e r as d e fin ed  by A zrin  & Holz (1966), 
b u t r a th e r  th a t  o f  a r e in f o r c e r .  B lackout in  t h i s  in s ta n c e  e x h ib i t s  the
• i ' » " •  '
p e in fo rc in g  p r o p e r t ie s  which would be expec ted  i f  i t  se rv ed  to  escape 
an q v e rs iv e  s t a t e  o f a f f a i r s .  However, when th e  d a ta  on modal IRT pun­
ishm ent was exam ined, two p igeons showed d e f in i t e  su p p re ss io n  o f the  
punished  IRT ca teg o ry  w ith  the  th i r d  p igeons pun ished  IRT ca te g o ry  r e ­
m aining r e l a t i v e l y  unchanged. Large in c re a s e s  in  the  pun ished  IRT c a t ­
egory were n o t obvious b u t r a th e r  th e re  was a tendency in  a l l  p igeons 
to  em it lo n g e r IRTs th an  the  ones f a l l i n g  in  the  pun ished  c a te g o ry . I f  
in  f a c t  p igeons were resp o n d in g  to  escape d u rin g  long  IRT punishm ent one 
would expec t to  see  la rg e  in c re a s e s  in  th e  IRT b in  j u s t  p r io r  to  the 
punished  IRT c a te g o ry . However th e  d a ta  shows th a t  t h i s  i s  n o t the  case 
(F ig . 3 ) . The n o tio n  th a t  b la ck o u t was s e rv in g  as  a TO from an a v e rs iv e  
sch ed u le  does n o t seem to  be su p p o rted  by th e  p re s e n t  d a ta  o r th e  f in d ­
in g s  o f Kramer and R i l l in g  (1969). Thus i t  fo llo w s th a t  b la ck o u t se rv e s  
as a r e in f o r c e r  when made c o n tin g e n t upon b u r s t  re sp o n se s , b u t n o t when 
i t s  p re s e n ta t io n  i s  made c o n tin g e n t upon r e l a t i v e l y  long IRTs. I t  is  
obvious then  th a t  b la ck o u t shou ld  be re e v a lu a te d  as a p u n ish e r .
I t  was the  o b se rv a tio n  o f  the  e x p e r im en te r , d u rin g  b u r s t  punishm ent, 
t h a t  upon the  te rm in a tio n  o f b la c k o u t p igeons pecked th e  r e - i l lu m in a te d
28
c e n te r  key l i g h t  im m ediate ly . T y p ic a lly  i t  was th e  o b se rv a tio n  th a t  
th e  m a jo rity  o f  th e  b u rs t  re sp o n se s  which o ccu rred  d u rin g  b u rs t, pu n ish ­
ment fo llow ed b la c k o u t. T h is o b se rv a tio n  g a in s  some s u b s ta n t ia t io n  from 
th e  f in d in g  th a t  p o s t b lack o u t r a t e s  were h ig h e r fo llo w in g  b u rs t  p u n ish ­
ment fo r  a l l  b i r d s .  I t  shou ld  be n o ted  th a t  a re sp o n se  fo llo w in g  b la c k ­
out by le s s  than  2 seconds was punished  th e  same as was a re sp o n se  th a t  
fo llow ed a p r io r  re sp o n se  by l e s s  th an  2 seconds. The ex p erim en ter i s  of 
th e  o p in io n  th a t  i f  th e  b u r s t s  which im m ediately  fo llow ed  b lack o u t were 
ig n o re d , a decrem ent in  b u r s t  respond ing  would have o ccu rred  d u rin g  b u rs t  
pun ishm ent.
The o b se rv a tio n  th a t  p igeons tend  to  key peck as  soon as a key i s  
i l lu m in a te d  fo llo w in g  b lack o u t i s  com patib le  w ith  re c e n t f in d in g s  o f 
au to -sh ap in g  in  p igeons (Brown & J e n k in s , 1968; Gamzu & W illiam s, 1971; 
Gamzu & W illiam s, 1973). Using an au to -sh ap in g  p rocedu re  p igeons w i l l  
peck a l ig h te d  key fo llo w in g  a s s o c ia t io n s  o f re sp o n se -in d ep en d en t food 
p re s e n ta t io n s  w ith  i l lu m in a tio n  of a key. Gamzu and W illiam s (1973) 
h y p o th e s ize  th a t  th e  o ccu rren ce  of key pecking  in  au to -sh ap in g  can be 
co n sid e red  to  depend on a s s o c ia t iv e  p ro c e sse s  s im i la r  to  c l a s s i c a l  con­
d i t io n in g .  , Gamzu and W illiam s (1973) p o in t out th a t  th e  s im i l a r i t y  be­
tween a u to -sh a p in g  and c l a s s i c a l  c o n d itio n in g  i s  no t l im ite d  to  p rocedu re  
b u t i s  l ik e w is e  p re se n t in  th e  b e h a v io ra l outcome. They b e lie v e  th a t  th e  
pecking  th a t  develops d u rin g  au to -sh ap in g  i s  analagous to  o th e r  a n t i c i ­
p a to ry  re sp o n ses  observed  in  d e lay  c o n d itio n in g . Brown and Jen k in s  
(1968) view key pecking as a sp e c ie s  s p e c i f ic  tendency of th e  p igeon to  
peck a t  th in g s  i t  looks a t .  They p o s tu la te d  th a t  th e  tem poral c o n ju n c tio n
29
of re in fo rce m e n t w ith  n o t ic in g  le a d s  to  o r ie n t in g  and lo o k in g  a t  th e  key. 
Thus i f  key peck ing  i s  n o t an a r b i t r a r y  o p e ran t resp o n se  b u t r a th e r  a 
s p e c ie s  s p e c i f i c  re sp o n se  to  g ra in  o r  to  s t im u l i  t h a t  have been c o r re ­
la te d  w ith  o ccas io n s  o f re in fo rce m e n t and n o n re in fo rce m e n t, th e  p re se n t 
f in d in g  th a t  p igeons tended  to  peck a r e - i l lu m in a te d  c e n te r  key fo llo w in g  
b la ck o u t ap p ea rs  l e s s  th an  p a ra d o x ic a l. A s im i la r  e x p la n a tio n  may a lso  
be a p p l ic a b le  to  th e  W illiam s and W illiam s (1969) f in d in g  th a t  p igeons 
w i l l  p e r s i s t  in  peck ing  d e s p i te  c o n tin g e n t n o n -rew ard .
Along th e s e  same l i n e s  o f  re a so n in g  R ach lin  (1973) p o s tu la te d  th a t  
o p e ran t b eh av io r may be composed o f b io lo g ic a l  and economic re sp o n se s .
The b io lo g ic a l  p r in c ip le  s t a t e s  th a t  "a  t r a n s i t i o n  from a s tim u lu s  s ig ­
n a lin g  a p e r io d  of low re in fo rc e m e n t v a lu e  to  one s ig n a l in g  a p e rio d  of 
h igh  re in fo rce m e n t v a lu e  e x c i t e s  c e r t a in  re sp o n se s  i r r e s p e c t iv e  o f o th e r  
c o n tin g e n c ie s . The e x c i te d  re sp o n se s  a re  most f re q u e n t im m ediately  a f t e r  
th e  p o in t  o f  t r a n s i t i o n  and su b seq u en tly  d e c re a se  in  f re q u e n c y ."  The 
economic p r in c ip le  i s  sim ply  th e  law o f e f f e c t .  B ehavior i s  s a id  to  be 
u n d e r  sch ed u le  c o n tro l .
R ach lin  (1973) conducted  a s tu d y  to  t e s t  t h i s  h y p o th e s is . P igeons 
w ere exposed to  a m u lt ip le  sch ed u le  c o n s is t in g  o f i d e n t i c a l  v a r ia b le  in ­
t e r v a l  2 m inute sc h e d u le s . However, f r e e  re in fo rce m e n t was d e liv e re d  on 
a v a r ia b le  tim e 15 second sch ed u le  in  th e  second component. A ccording to  
th e  b io lo g ic a l  p r in c ip le  peck ing  r a t e  shou ld  be h ig h e r in  th e  second com­
ponent than  in  th e  i n i t i a l  component. The economic p r in c ip le  would p re ­
d i c t  j u s t  th e  o p p o s ite  becau se  f r e e  re in fo rc e m e n t shou ld  in c re a s e  th e  
v a lu e  o f p e r io d s  o f  n o t p eck in g . H alf o f th e  e x p e r im en ta l p igeons were
30
j
exposed to  th e  m u lt ip le  sch ed u le  a l t e r n a t in g  ev ery  8 seconds w ith  the  
o th e r  h a l f  b e in g  exposed to  th e  m u lt ip le  s c h e d u le , a l t e r n a t in g  every  
e ig h t  m in u te s . The r e s u l t s  showed th a t  w ith  e ig h t  second a l t e r a t i o n  
th e  p igeons pecked more in  th e  component w ith  f r e e  re in fo rc e m e n t. With 
e ig h t  m inu te  a l t e r n a t i o n ,  th e  p igeons p eck ing  r a t e  was s l i g h t l y  h ig h e r  
in  th e  component w ith o u t f r e e  re in fo rc e m e n t.
R a c h lin ’s f in d in g s  appear to  be a p la u s ib le  e x p la n a tio n  of th e  p re ­
s e n t s tu d ie s  f in d in g s  o f b u r s t  f a c i l i t a t i o n  by b la c k o u t. I f  th e  10 se c ­
onds o f b la ck o u t were viewed as  one component o f  a m u lt ip le  sch ed u le  s ig ­
n a lin g  a low p r o b a b i l i ty  o f re in fo rc e m e n t, th e  t r a n s i t i o n  from b la ck o u t 
to  DRL shou ld  engender p eck in g . In  th e  e x p e r im en ta l phase in  which b la c k ­
o u t was c o n tin g e n t upon b u r s t in g ,  re p e a te d  peck ing  o f th e  r e i l lu m in a te d  
key s ig n a l in g  DRL would b e a n a la g o u s  to  a r a p id ly  a l t e r n a t in g  m u lt ip le  
sch ed u le  th e re b y  r e s u l t i n g  in  b u r s t  f a c i l i t a t i o n .  When b la c k o u t was con­
t in g e n t  ipon long  IRT em iss io n , peck ing  th e  r e i l lu m in a te d  c e n te r  key would 
n o t r e s u l t  in  b la c k o u t. Thus th e  p r o b a b i l i ty  o f  an o ccu rren ce  o f a b u r s t ­
in g  re sp o n se  would be ex p ec ted  to  be low s in c e  b la c k o u t would be expec ted  
to  occur l e s s  f r e q u e n t ly .  D ata from th e  p re s e n t  s tu d y  (F ig u re  1) showed 
th a t  b u r s t in g  tended  to  be low d u rin g  long  IRT punishm ent.
F in d in g s  o f  th e  p re s e n t  s tu d y  su g g es t th a t  s e v e ra l  e x p e rim en ta l 
e x te n s io n s  o f  th e  p re s e n t  ex p erim en ta l d e s ig n  a re  in  o rd e r . F i r s t  of 
a l l  th e  e f f e c t s  o f  e l e c t r i c  shock on b u r s t  resp o n d in g  shou ld  be i n v e s t i ­
g a te d . In  p a r t i c u l a r  i t  would be  i n t e r e s t i n g  to  a s s e s s  th e  e f f e c t s  o f 
punishm ent c o n tin g e n t upon a  s e r i e s  o f b u r s t s  o r  " m u ltip le  pecks" r a th e r
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than  upon a s in g le  s h o r t  IRT. The q u e s tio n  o f w hether o r  n o t th e  key 
peck i s  as a r b i t r a r y  o p e ra n t could  be a sse sse d  by a tte m p tin g  to  s t a b i l i z e  
p igeons on a  DRL sch ed u le  em ploying w a te r re in fo rc e m e n t. Would th e re  
s t i l l  e x i s t  a tendency  fo r  th e  p igeons to  b u rs t?
CHAPTER 5
SUMMARY
i • •
With th e  DRL sc h e d u le , an in c re a s e  in  r a t e  o f  resp o n d in g  le a d s  to  . 
a  d e c re a se  in  re in fo rce m e n t freq u en cy . S ince punishm ent d e c re a se s  the  
p r o b a b i l i ty  o f  a re s p o n se , punishm ent should  improve DRL resp o n d in g . 
R esearch  v i th  p igeons em ploying b la ck o u t a s  punishm ent (c o n tin g e n t on 
a l l  re sp o n se s)  has d em onstra ted  improved b e h a v io r . I t  has been shown 
th a t  th e  IRT freq u en cy  d i s t r i b u t i o n  does n o t change u n ifo rm ly  as a 
fu n c tio n  o f  punishm ent b u t t h a t  b u r s t s  (0-2  sec  IRTs) a re  g r e a t ly  r e ­
duced. Due to  t h e i r  r a p id  e l im in a t io n ,  Holz and A zrin  (1963) concluded 
b u r s ts  to  be most s e n s i t iv e  to  punishm ent s in c e  th e y  a re  l e a s t  r e l e ­
v an t to  re in fo rce m e n t freq u en cy .
The p re s e n t s tu d y  examined th e  e f f e c t s  o f b la c k o u t on s p e c i f i c  IRT 
c a te g o r ie s .  Would punishm ent have th e  same e f f e c t  on re sp o n ses  te rm in ­
a t in g  b u r s t s ,  a s  on re sp o n ses  te rm in a tin g  lo n g e r IRTs? P igeons main­
ta in e d  on a  DRL 20 sec  sch ed u le  fo r  g ra in  were exposed to  3 su c c e ss iv e  
sch ed u le s  d u rin g  which IRTs of 0 -2 , 8 -12 , o r 16-20 seconds were pun­
ish ed  w ith  10 seconds o f  b la c k o u t. Punishm ent c o n d itio n s  w ere s e p a r­
a te d  by re c o v e ry  b a s e l in e s .
R e su lts  showed th a t  re sp o n se  produced b la c k o u ts  fo llo w in g  b o th  8-12 
and 16-20 IRTs d ec rea sed  th e  p r o b a b i l i ty  o f s h o r t  0 -2  sec  IRTs. Respond­
ing  was su p p ressed  and IRT freq u en cy  d i s t r i b u t io n s  s h i f te d  toward lo n g e r
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IRTs. However b la c k o u ts  fo llo w in g  0-2 sec  IRTs in c re a se d  th e  p ro b a b il­
i t y  o f 0-2  sec  IRT em iss io n . The d a ta  su g g e s ts  th a t  b la ck o u t was se rv ­
in g  e i t h e r  as  a  re in fo rc e p  or p u n ish e r  depending upon i t s  s c h e d u lin g . 
R e su lts  d id  n o t in d ic a te  t h a t  b la c k o u t se rv ed  as an escape  from an a v e r -  
s iv e  " s t a t e  o f  a f f a i r s . "  Krammer and R i l l i n g 's  (1970) h y p o th e s is  th a t  
b u r s t in g  r e s u l t s  from  a la c k  o f s tim u lu s  feedback  was n o t su p p o rted  
s in c e  b la ck o u t p rov ided  feedback  w h ile  f a c i l i t a t i n g  b u r s t in g .  B u rs t 
f a c i l i t a t i o n  by b la ck o u t i s  d is c u s se d  from th e  s ta n d p o in t o f  th e  key 
peck as a s p e c ie s  s p e c i f ic  re sp o n se  to  s t im u l i  c o r r e la te d  w ith  occa­
s io n s  o f  re in fo rc e m e n t, e .g .  peck ing  a  r e i l lu m in a te d  key im m ediately  
fo llo w in g  b la c k o u t.
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T A B L E  3
F R E Q U E N C Y  O F  R E S P O N D I N G  
— r e s p o n s e s  p e r / m i n u t e  —
( e x p e r i m e n t a l  p h a s e s  i n o r d e r  of  o c c u r r e n c e )
p i g e o n
I N I T I A L
2 0  s e c .  
D R  L
1 6 —2 0  s e c . 
1 R T 
P U N I S H M E  N T
r e c o v e r y
8 U R ST 
P U N I S H M E  NT
r e c o v e r y
1 1 3 4 4 .7 1 4.1 5 4 .4  0 4 .7  6 4 .6  0
8 - 1 2  s e c .  
- I R T  
P U N I S H M E N T HHHfHillillii
|  5 3 3 6 .7  0 6 .3  1 5 .9  3 1 3 .6  0 4 .9 1
B U R S T
P U N I S H M E N T
8 — 1 2  s e c .  
I R T
P U N I S H M E N T SHI
l 5"2 i 8 .9  1 1 2 .2  2 8 .0  9 7 .4  0 6 .3 4  I
e a c h  v a l u e  s h o w n  r e p r e s e n t s  a n  a v e r a g e  o f  t h e  l a s t  f i v e  d a y s  i n  e a c h  c o n d i t i o n
T A B L E  4
F R E Q U E N C Y  O F  R E I N F O R C E M E N T  
- r e i n f o r c e m e n t s  p e i y ' m i n u t e -
e x p e r j m e n t a l  p h a s e s  i n  o r d e r  of  o c c u r r e n c e )
1 6 _ 20 sec 
I R T
P U N I S H M E N T
BURST 
P U N I S H M E  N T
INITIAL 
2 0 sec 
DRL
p i g e o n R E C O V E R Y R E C O V E R Y
1 1 3 4
B “ 1 2 sec 
I R T 
P U N I S H M E N T
8 —12 sec
R T
P U N I S H M E N T
B U R S T  
P U N I S H M E N T
eac h va l ue  shown represent s  an a v e r a g e  of t he  last f i ve days  in e ac h  condi t ion
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T AB L E  5 
EFFI CI ENCY RATI OS 
- p e r c e n t a g e  o f  r e i n f o r c e d  r e s p o n s e s -
( e x p e r i m e n t a l  p h a s e s  in o r d e r  of  o c c u r r e n c e )
p i g e o n
I N I T I A L  
2 0  s e c .  
D R  L
1 6  — 2 0  s e c .  
1 R T
p u n i s h m e n t
R E C O V E R Y
B U R S T
P U N I S H M E N T
R E C O V E R Y
11 3 4 2 2.50% 3 8.90% 3 6 .3 1 % 30.81% 2 4.2 4%
8  •• 1 2  s e  c .
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P U N I  S H M E N T
3.6 2°/3.5 0  °/ 6.3 4°/6.4 2 % 11.3 4
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P U N I S H M E N TP U N I S H M E N T
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e a c h  v a l u e  s h o w n  r e p r e s e n t s  a n  a v e r a g e  o f  t h e  l a s t  f i v e  d a y s  i n  e a e h  c o n d i t i o n
TABLE 6 
p e r c e n t a g e  of  r e i n f o r c e d  dwel l  t ime
T h e  p r o p o r t i o n  o f  t o t a l  s e s s i o n  t i m e  
o c c u p i e d  b y  r e i n f o r c e d  I R T S
pi geon
11 3 4
5 3 3
5 9 9 2
B U R S T
P U N I S H M E N T
8 - 1  2  s e c .  |  1 6 - 2 0  s ec
I R T  I  I R T
P U N I S H M E N T  I  P U N I S H M E N T
12 7 %
3 7
2 7*4  0/0 5 6.5 °'0
5.2 %
e ach va l ue  shown represent s  an average  of the last f i ve days in e ac h  c o n d i t i o n
